We estimate the influence of classmates' ability characteristics on student achievement in exogenously formed student groups. The study uses administrative data on undergraduate students at a large selective university in Russia. The presence of high-ability classmates has a positive effect on individual academic performance, and students at the top of the ability distribution derive the greatest benefit from their presence. An increase in the proportion of less able students has an insignificant or negative influence on individual grades.
Introduction
Peer effects in education refer to the impact of classmates or schoolmates on educational outcomes for an individual student. James Coleman's "Equality of Educational Opportunity" report (Coleman 1966 ) drew attention to this effect. In fact, this was the first paper that had been conceived and prepared based upon the idea of profound complex analysis of the current situation in US schools related to the choice of key directions in educational policy.
One of the most acute problems to which Coleman reacted was the racial segregation policy in American schools. Thereby the idea of the report was to move from the political slogans of segregation partisans and antagonists to the field of constructive disputes on the influence of collective or separate tuition on students' achievement. In other words, for
Coleman it was important to demonstrate that the isolation of African American children in ghetto schools deepened social dissociation, and one of the dissociation factors was the "trap" of low educational outcomes.
Due to the democratization of American schools within the last few decades, the study of peer effects has lost most of the political tint that it had earlier. Today, interest in the study of peer effects is connected to the formation of new approaches to the organization of the educational process. A number of recent studies demonstrate that the effectiveness of learning increases significantly when schools actively use elements of mutual education in student groups. In these schools, educational activities with interaction between students, such as collective/team work on learning tasks and project-based learning, become more and more prevalent, and the issue of student body composition acquires a new significance.
Our paper is one of the few empirical studies of peer effects based on the data on student achievement in exogenously formed groups. Unlike, for example, the American model of educational curriculum, undergraduate programs in Russian higher education institutions are characterized by the fact that most courses during first two years of study are compulsory, and the students are administratively appointed to particular study groups that are the same for each course of their curriculum. This excludes the problem of selection endogeneity emerging when students choose courses guided by their classmates and/or by easiness of these courses, and also allows us to work with the data to characterize peer effects immediately in exogenously formed student groups.
We found empirical evidence of significant peer effects in student groups. The grades in particular disciplines and first year GPA for individual students increased with the growth of classmates' abilities. In most cases, this effect had a nonlinear character: the higher the share of high-ability students in the group, the better the achievement of a student who related well to the most able. An increase in the percentage of less able students influences their classmates' achievement insignificantly.
Brief review of empirical literature
Many students and their parents, professors, and university administrators take it for granted that a student's classmates affect his achievement and behaviour. However, empirical assessments of peer effects in higher education demonstrate contradictory evidence (see, for example, the reviews of Sacerdote (2010), Epple and Romano (2010) .
The earliest empirical studies of peer effects in universities are based upon data analysis of university roommates. Sacerdote (2001) revealed non-linear peer effects: average grades were higher for those students whose roommate was in the top 25% of the class. Good students favorably influenced the achievement of relatively less able students, while there was no such influence for students in the middle of distribution. In Zimmerman (2003), peer effects turned out to be caused by the students' grades on the verbal portion of the SAT, and non-linear effects appeared here also: students in the middle of the SAT score distribution got worse grades if their roommates were students with low grades. In Brunello, De Paola and Scoppa (2010) , positive and significant effects were found for students specializing in engineering and mathematics; for humanities and social sciences, the effects turned out to be insignificant.
There are a few studies that focus on peer effects in student groups. Some of them test peer effects in very specific educational environments with intensive student interaction within group. Lyle (2007) found a significant connection between the current achievement of first year students and the average current achievement of the group in the US Military Academy. It was also revealed that the increased dispersion of math SAT scores in a group improved student achievement, and that the given effect was achieved due to the presence of more talented students (Lyle 2009). Carrell, Fullerton, and West (2009) revealed significant peer effects for graduates of the US Air Force Academy, especially in mathematics and scientific disciplines. Again, non-linear effects were found: students with low verbal SAT grades mostly benefited from their communication with students with high SAT results. De found statistically significant peer effects for the University of Calabria in Italy. In the work of Arcjdjacono, Foster, Goodpaster, and Kinsler (2011), moderate but statistically significant peer effects were found, mostly for the social sciences and less for physics and mathematics. In some studies, no significant peer effects were found (Arcidiacono and Nicolson 2005; Foster 2006; Parker, Grant, Crouter, and Rivenburg 2010) . Androushchak (2005) observed peer effects in data on undergraduate students in the economics department of the Higher School of Economics (Russia). It was found that student achievement was negatively affected by the achievement of most able classmates and was positively affected by the achievement of less able classmates, which can be explained by competition for high grades.
Methodology of empirical study
The tendency of people belonging to one group to behave alike is usually explained by three effects (Manski 1993 ) that may be incorporated in the following model of individual achievement: The estimation of model (1) involves some difficulties (Manski 1993; Epple and Romano 2010) . The problem of simultaneity (reflection) is caused by the fact that not only does the achievement of a student's peers influences his academic grades, but his individual behaviour affects his classmates as well. For this reason, the estimates of coefficients are biased. Characteristics that are common for a student and his environment often cannot be supervised, and this impedes the estimation of the corresponding coefficient. Therefore, the following reduced form is commonly estimated in practice:
Consequently, it becomes possible to evaluate the overall peer effect without differentiating between endogenous and exogenous effects.
If exogenous characteristics of classmates are their means, (2) is called linear-in-means. Such approach has its shortcomings (see, for example, Hoxby (2000) and Hoxby and Weingarth 2005) ). With the linear-in-means model it is impossible to estimate non-linear, asymmetric models of peer effects that are found empirically. For example, in the study of peer effects among college roommates, Sacerdote (2001) found that the least able students in the sample benefited the most from their proximity to high-ability peers. Asymmetric peer effects are significant from the point of view of educational policy. If the benefit from interaction with high-ability classmates is greater for able students than for low-ability students, then grouping students with similar abilities would increase overall performance.
Research context and data description
The empirical basis of our paper consists of data on students who entered the economics department at the National Research University -Higher School of Economics (HSE) in 2009.
As of that year, the Unified State Examination (USE) became obligatory for all high school graduates.
To obtain a general certificate of secondary education, a high school graduate is obliged to successfully pass the USE test in two compulsory disciplines: the Russian language and mathematics. Exams in other disciplines are taken voluntarily. Throughout Russia, the USE consists of standardized tasks and a unified grading scale. Therefore, the results of the exam can be considered an objective assessment of the quality of training.
The principal application of the USE is that its results are acknowledged by universities as the results of entrance examinations in the corresponding general disciplines.
For each field of study, the Ministry of Education and Science defines the list of three or four entrance examinations to the universities that have state accreditation. The USE scores in Russian and profile disciplines are compulsory for the entrance for all fields of study. Thus, the USE as the entrance examination is used as selection tool and should help predict the achievement of all applicants in their future studies.
The winners of some Olympiads 5 have the right to priority enrolment in public universities for tuition-free places. The selection of applicants without these privileges for the remaining tuition-free places is made according to the students' USE scores. The other enrolled students are charged tuition fees.
To enter the economics department of HSE based on the results of entrance examinations, it is obligatory to present USE results in four disciplines: mathematics, social studies, Russian language, and foreign language. The winners of some Olympiads who had the right of prior enrolment presented their results only on the Russian language and mathematics examinations.
One of the most important elements of the study of peer effects is the correct identification of students who interact in the process of learning. In our study, a student group was chosen as the environment influencing student achievement. HSE students spend a significant amount of study time during their classes in groups of up to 30 members. Lectures are usually delivered to several groups simultaneously, while seminar classes are delivered to each group separately. The university administration forms these groups. Compulsory courses constitute the majority of the educational curriculum in the first two years, and they are attended by all students. Thus, it can be considered that the peer group is formed exogenously.
That allows us to avoid bias in peer effect estimation due to endogenous group formation.
The grades in several disciplines and the sum of grades for the first and the second years of study are used as the achievement measures in this work. The total score of each HSE student characterizes his general academic performance. It is formed as the sum of grades in single disciplines with weight coefficients equal to the credit quantities of the educational load in a given discipline. HSE uses a ten-point grading scale. Grades lower than four are unsatisfactory. The maximum total score for one year is 600 (grades of 10 in all disciplines multiplied by the annual workload of 60 credits). The current total score of HSE students is updated once mid-year.
Individual abilities were measured by a student's USE scores in Russian language and mathematics and by an indicator variable of whether the student had enrolled with Olympiad results from the All-Russian School Olympiad or the Interregional Olympiad. The All-Russian School Olympiad is organised by the Ministry of Education and Science, while the Interregional Olympiad is carried out by HSE in cooperation with other universities.
The peer group was characterized by the average USE scores of a student's classmates in Russian language and mathematics, as well as the percentage of students in the group with low and high grades in mathematics.
Descriptive statistics of the variables used in the research are given in Table 1 .
The results of peer effects estimation
For more detailed analysis of classroom peer effect, the sample of students was divided by ability into three subgroups. We used methodology applied to the estimation of non-linear peer effects as in Carrell, Fullerton, and West (2009) and Carrel, Sacerdote, and West (2011) .
The bottom, middle, and top subgroups were based on the distribution of predicted total score in the 1 st and 2 nd year using a student's own ability characteristics: the USE scores in mathematics and Russian language and the indicator of winners of the All-Russian School
Olympiad or the Interregional HSE Olympiad. The regression results are shown in Table 2 .
All of the explaining variables are significant at the level of 1%. The coefficient of determination for the 2 nd year regression is smaller than that for the 1 st year, and this provides evidence of the diminishing role of pre-university training as time goes on. The USE math coefficient in the 1 st year is higher than that in the 2 nd , which might be caused by the decreasing number of mathematical disciplines in the curriculum. The "premium" for those who were admitted through the Olympiad is quite large: winners of the All-Russian Olympiad receive an extra 100 points (out of the maximum of 600) and winners of the Interregional
Olympiad receive an extra 62 points.
The predicted total scores for the 1 st and the 2 nd years were built upon the results of regressions. The entire sample of students was divided into three sub-groups. One third consisted of the students with the highest predicted total scores (the top of the distribution), one third of the students with the lowest predicted total scores (the bottom of the distribution), and the remaining third consisted of the "middle" students (the middle of the distribution).
Peer coefficients were estimated both for the entire sample and for the top/middle/bottom thirds of the distribution.
We consider two specifications of an empirical model of peer effects. In model 1, the peer variables are mean scores on the USE in mathematics and Russian language of a student's classmates. The corresponding coefficient shows how much (on average) the student's grade changes when the peer group mean USE score increases by one. In model 2, the share of peers in the group who have relatively high and low USE scores in mathematics were used as explaining variables. We defined USE scores as low if they were in the bottom quartile of the year-cohort USE distribution. Respectively, high USE scores were in the top 25%. The student's own USE scores in mathematics and Russian language and the dummy variables for Olympiad winners were included as control variables in all regressions.
As it was noted previously, disciplines that are compulsory for all students are a significant part of the educational program during the first two years (90% of total workload).
Among these disciplines are macroeconomics, microeconomics, economics of the firm, economic history, calculus, linear algebra, and differential equations. Tables 3 and 4 show the estimates of models 1 and 2 for economic courses:
microeconomics taken in the first year (6 credits) and in the second year (8 credits), macroeconomics (4,5 credits), economic history (3 credits), and economics of the firm (3 credits). In Table 5 , the results of model 2's estimation are presented for mathematical courses: calculus (8 credits), differential equations (3 credits), and linear algebra (3 credits).
In almost all the regressions, the scores are positively influenced by peer USE scores in mathematics and the share of students with high USE scores in mathematics. This effect is dissimilar for different thirds of the distribution. Classmates' mean USE math scores are statistically significant at the level of 5% or lower for grades in macroeconomics, economic history, and economics of firm for the entire sample and the top third of the distribution. The effect of peer share with high USE scores in mathematics is significant for microeconomics grades in the 2 nd year; for macroeconomics and economics of the firm grades for the entire sample and for the top third; for microeconomics grades in the 1 st year for the entire sample and for the top and bottom thirds; and for linear algebra grades for the top third.
In some regressions, the USE scores in Russian language had a negative though statistically insignificant influence on grades, which can be explained by multicollinearity due to correlation between the peer USE scores in the two disciplines. Another finding that contradicts intuition is the significantly positive influence of students with low USE scores in mathematics on grades for the economics of the firm (for the top third of the distribution).
The effect of classmates depends on the particular discipline, peculiarities of teaching methods, the proportion of lecture vs. seminar classes, types of homework assignments, etc.
Thus, estimation of peer effects for the aggregated outcome measure is of great interest.
The total score of a student reflects general achievement in all disciplines, including electives. For each elective course, a particular group is formed. Therefore, it erodes the effect of influence from the students of the administratively formed group. However, the academic environment within the exogenously formed groups can affect students even when they attend classes in individually chosen disciplines. A general attitude toward studies may serve as the channel of peer influence in this case 6 . Table 6 shows the estimates for model 1 for total score in the 1 st and the 2 nd year. The estimates for model 2 are shown in Table 7 .
The effect of peer USE math scores and of the share of students with high math USE scores in the group is positively and statistically significant at the 5% level for the first year total score for the quartile of the most able students.
Summing up, we found evidence that students benefit from learning with their most able classmates. This effect is most vivid when a student also belongs to this high-ability
group. An increase in the percentage of students with low USE scores usually did not influence student achievement.
Conclusion
In the paper we tested the presence of peer effects in a student group, specifically the influence of the ability of other students on student achievement. The empirical base of the research was administrative data on students in the economics department of one of the leading Russian universities in the field of social sciences. Exogenous formation of student groups and the prevalence of compulsory disciplines in the program in the first two years exclude the bias problem that might arise for endogenously formed study groups.
As a measure of student ability, we used the results of the national standardized tests in Russian language and mathematics that are taken by every secondary school graduate in Russia. The classroom peer effect was estimated with two different peer variables:
classmates' average test scores in mathematics and Russian language and the share of students in the top and bottom quartile of the mathematics test score distribution. For analysis of the non-linear nature of peer effects, the whole student cohort was divided into subgroups with relatively high ability, low ability and middle ability students. Estimates for peer effect coefficients were calculated for each subsample.
We found some empirical evidence of peer effects in a student group, with a nonlinear influence of other students on student outcomes: the higher the percentage of the most able students in a group, the better the achievement of a student from the top third of the ability distribution. An increase in the percentage of less able students did not have a statistically significant effect in most cases.
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